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                DZERO Solenoid Energization & Control Program
                Engineering Note H970603A R. Hance & D. Markley

          All control is performed by ladder logic and special
          function programs in the PLC.

          The operator uses DMACS to monitor inputs; and control the
          PLC program.

          Control of the PLC program by DMACS is done by
          closing/opening coil-relays; and by writing to variable
          memory (VMEM).

          See the listings of coil-relays, I/O, variable memory, and
          constant memory (KMEM) which documents the DMACS interface
          to the PLC.
          *
VERSION: 3
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Ladder Program
This section up until quench detector data logging written and documented by Rick Hance

Power Supply On

      !                          TEXT1-----------------------------------------+
      !                          !                                             !
      !                          !  ** POWER SUPPLY ON COMMAND **              !
      !                          !                                             !
      [--------------------------!  SET REFERENCE TO ZERO                      !
      !                          !                                             !
      !                          !  CLOSE PS ON RELAY FOR 1 SECOND             !
      !                          !                                             !
      !                          !  OPEN PS PHASE BACK RELAY                   !
      !                          !                                             !
      !                          !  RESET PS ON COMMAND                        !
      !                          +---------------------------------------------+
      !PS ON      MOVW3---------+   MOVW4---------+               PS ON
      !DMACS Cmd  !             !   !             !               Relay Out
      !           !             !   !             !
      !   C2      !             !   !             !                 Y115
67    [---] [-----!    Zero     !---!    Zero     !-------------*---(SET )
      !           ! A:K9        !   ! A:K9        !             !
      !           ! PEI Ext Ref !   !  Target I   !             !PS Ph Back
      !           ! Analog      !   !             !             !DMACS Cmd
      !           ! Output      !   !             !             !
      !           ! B:WY65      !   ! B:V1        !             !    C11
      !           ! N=1         !   ! N=1         !             [---(RST )
      !           +-------------+   +-------------+             !
      !                                                         ! PS ON
      !                                                         ! DMACS Cmd
      !                                                         !
      !                                                         !    C2
      !                                                         +---(RST )
      !
      !PS ON            TMR1----------+                                PS ON
      !Relay Out        !             !                                Relay Out
      !                 !             !
      !  Y115           !             !                                  Y115
85    [---] [-----------!             !----------------------------------(RST )
      !                 ! P=   1.0    !
      !                 !             !
      !                 !             !
      !                 !             !
      !                 !             !
      !                 !             !
      !                 !             !
      !PS ON            !             !
      !Relay Out        !             !
      !                 !             !
      !  Y115           !             !
      [---] [-----------!             !
      !                 +-------------+
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Power Supply Off

      !     Power Supply Off -- DMACS may SET C4 to energize Y116.
      !     Y116 is a N/O contact but PS OFF to the power supply
      !     is connected to the N/C contact at the end rack to provide
      !     the proper polarity signal. DMACS PS OFF command also sets
      !     the power supply Phase Back signal active until reset by
      !     DMACS PS ON.  Timer TMR2 provides momentary contact.
      !
      !
      !PS OFF                                                     PS OFF
      !DMACS Cmd                                                  Relay Out
      !
      !   C4                                                        Y116
92    [---] [---------------------------------------------------*---(    )
      !                                                         !
      !                                                         !PS Ph Back
      !                                                         !DMACS Cmd
      !                                                         !
      !                                                         !    C11
      !                                                         +---(SET )
      !
      !PS OFF    PS Loc/Rem                                           Ctrl Pmt
      !DMACS Cmd Input                                                DMACS Cmd
      !          1=rem
      !   C4        X162                                                 C10
97    [---] [--------]/[------------------------------------------------(RST )
      !
      !PS OFF           TMR2----------+                                PS OFF
      !Relay Out        !             !                                DMACS Cmd
      !                 !             !
      !  Y116           !             !                                   C4
102   [---] [-----------!             !----------------------------------(RST )
      !                 ! P=   1.0    !
      !                 !             !
      !                 !             !
      !                 !             !
      !                 !             !
      !                 !             !
      !                 !             !
      !PS OFF           !             !
      !DMACS Cmd        !             !
      !                 !             !
      !   C4            !             !
      [---] [-----------!             !
      !                 +-------------+
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Power Supply Reset

      !     Power Supply Reset -- DMAC may SET C6 to energize Y117.
      !     Y117 is the I/O relay connected to the PS RES input via the
      !     end rack.  Timer TMR3 provides momentary contact.
      !
      !
      !PS RES                                                          PS RES
      !DMACS Cmd                                                       Relay Out
      !
      !   C6                                                             Y117
109   [---] [------------------------------------------------------------(    )
      !
      !PS RES           TMR3----------+                                PS RES
      !Relay Out        !             !                                DMACS Cmd
      !                 !             !
      !  Y117           !             !                                   C6
111   [---] [-----------!             !----------------------------------(RST )
      !                 ! P=   1.0    !
      !                 !             !
      !                 !             !
      !                 !             !
      !                 !             !
      !                 !             !
      !                 !             !
      !PS RES           !             !
      !DMACS Cmd        !             !
      !                 !             !
      !   C6            !             !
      [---] [-----------!             !
      !                 +-------------+
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Interlocks reset

      !     Interlocks reset -- DMACS may SET C8 to energize Y114.
      !     Y114 is the relay contact to NIM interlocks chassis reset
      !     via the end rack.  Timer TMR4 provides momentary contact.
      !
      !
      !Intl RES                                                        Intl RES
      !DMACS Cmd                                                       Relay Out
      !
      !   C8                                                             Y114
118   [---] [------------------------------------------------------------(    )
      !
      !Intl RES         TMR4----------+                                Intl RES
      !Relay Out        !             !                                DMACS Cmd
      !                 !             !
      !  Y114           !             !                                   C8
120   [---] [-----------!             !-------------------------------*--(RST )
      !                 ! P=   1.0    !                               !
      !                 !             !                               ! VL Fail
      !                 !             !                               ! Flag
      !                 !             !                               !
      !                 !             !                               !   C16
      !                 !             !                               [--(RST )
      !                 !             !                               !
      !Intl RES         !             !                               ! TL Fail
      !DMACS Cmd        !             !                               ! Flag
      !                 !             !                               !
      !   C8            !             !                               !   C17
      [---] [-----------!             !                               [--(RST )
      !                 +-------------+                               !
      !                                                               ! CL Fail
      !                                                               ! Flag
      !                                                               !
      !                                                               !   C18
      !                                                               +--(RST )
      !
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Controls Permit

      !     Controls Permit -- DMACS accesses C10 to control Y119.
      !     Y119 is the Ctrls Pmt contact to the NIM bin via the end
      !     rack.  This is a software interlock which allows DMACS to
      !     forbid operation for any number of reasons.
      !
      !
      !Ctrl Pmt                                                        Ctrl Pmt
      !DMACS Cmd                                                       Relay Out
      !                                                                CL=Pmt
      !   C10                                                            Y119
136   [---] [------------------------------------------------------------(    )
      !

Power Supply Phase Back

      !     Power Supply Phase Back -- DMACS accesses C11 to control
      !     Y118.  Y118 is the I/O relay that connects to
      !     the power supply phase back input via the end rack.  This
      !     allows DMACS or the PLC to phase back the power supply as a
      !     redundant form of shutoff in addition to PS OFF and
      !     interlock inputs. The DMACS PS OFF command sets the Phase
      !     Back and the DMACS PS ON command resets Phase Back.
      !
      !
      !PS Ph Back                                                 PS Ph Back
      !DMACS Cmd                                                  Relay Out
      !                                                           CL=Ph Back
      !    C11                                                       Y118
138   [----] [-------------------------------------------------------(    )
      !
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Remote Quench Trigger

      !     Remote Quench Trigger -- DMACS may SET C12 to trigger

      !     closing of Y113.  Y113 is the "Remote Quench Trigger"
      !     contact to the NIM quench detector via the end rack.
      !     Timer TMR5 provides for momentary contact.
      !
      !
      !Rem QT                                                          REM QT
      !DMACS Cmd                                                       Relay Out
      !
      !   C12                                                            Y113
140   [---] [------------------------------------------------------------(    )
      !
      !REM QT           TMR5----------+                                Rem QT
      !Relay Out        !             !                                DMACS Cmd
      !                 !             !
      !  Y113           !             !                                   C12
142   [---] [-----------!             !----------------------------------(RST )
      !                 ! P=   1.0    !
      !                 !             !
      !                 !             !
      !                 !             !
      !                 !             !
      !                 !             !
      !                 !             !
      !Rem QT           !             !
      !DMACS Cmd        !             !
      !                 !             !
      !   C12           !             !
      [---] [-----------!             !
      !                 +-------------+
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Dump Switch Trigger

      !     Dump Switch Trigger -- DMACS may SET C14 to energize Y120.
      !     Y120 is the contact to the dump switch (wired to N/C) via
      !     the end rack.  Thus SETTING C14 will trigger the dump
      !     switch to open.  Closing C14 actually "opens" Dump3 to the
      !     dump switch. The timer RESETs the DMACS trigger command
      !     after sufficient time for the switch to open.  There also
      !     exists Dump 1 and Dump 2 which are hardware dump switch
      !     controls that may override this soft control.
      !
      !
      !Dump 3                                                          Dump 3
      !DMACS Cmd                                                       Relay Out
      !
      !   C14                                                            Y120
149   [---] [------------------------------------------------------------(    )
      !
      !Dump 3           TMR6----------+                                Dump 3
      !Relay Out        !             !                                DMACS Cmd
      !                 !             !
      !  Y120           !             !                                   C14
151   [---] [-----------!             !----------------------------------(RST )
      !                 ! P=   1.0    !
      !                 !             !
      !                 !             !
      !                 !             !
      !                 !             !
      !                 !             !
      !                 !             !
      !Dump 3           !             !
      !DMACS Cmd        !             !
      !                 !             !
      !   C14           !             !
      [---] [-----------!             !
      !                 +-------------+
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Dump Switch Reset

      !     Dump Switch Reset -- DMACS may SET C15 to energize Y122.
      !     Y122 is the RESET contact to the dump switch via the end
      !     rack.  Thus, SETTING C15 will force the dump switch to
      !     RESET itself (close).  The timer will clear the DMACs
      !     command after sufficient time has passed for the mechanical
      !     reset to occur.
      !
      !
      !DS RES                                                          DS Reset
      !DMACS Cmd                                                       Relay Out
      !
      !   C15                                                            Y122
158   [---] [------------------------------------------------------------(    )
      !
      !
      !
      !DS Reset         TMR7----------+                                DS RES
      !Relay Out        !             !                                DMACS Cmd
      !                 !             !
      !  Y122           !             !                                   C15
160   [---] [-----------!             !----------------------------------(RST )
      !                 ! P=   10.0   !
      !                 !             !
      !                 !             !
      !                 !             !
      !                 !             !
      !                 !             !
      !                 !             !
      !DS RES           !             !
      !DMACS Cmd        !             !
      !                 !             !
      !   C15           !             !
      [---] [-----------!             !
      !                 +-------------+
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Power Supply Update
!     Power Supply Update -- DMACS may SET C3 to signal the PLC

      !     to proceed to a new Target current using either manual or
      !     auto VLimit.  If DMACS has set C22, then auto VLimit will
      !     be used. This  reprograms the power supply to a new
      !     current.  Once done, the PLC resets C3. SFPGM10 calculates the ideal
      !     voltage limit from the charging curve ie. V=I*948E-6 + 3.0.

!
      !PS Update Auto/Man  MOVW1---------+   MOVW2---------+        PS Update
      !DMACS Cmd VLIMIT    !             !   !             !        DMACS Cmd
      !          on=auto   !   Manual    !   !  Target I   !
      !   C3        C22    !   VLimit    !   !             !           C3
167   [---] [-------]/[----!             !---!             !----------(RST )
      !                    ! A:V2        !   ! A:V1        !
      !                    ! PEI Vlimit  !   ! PEI Ext Ref !
      !                    ! Analog      !   ! Analog      !
      !                    ! Output      !   ! Output      !
      !                    ! B:WY66      !   ! B:WY65      !
      !                    ! N=1         !   ! N=1         !
      !                    +-------------+   +-------------+
      !Intl RES   SFPGM10-------+                                     Dummy
      !Relay Out  !             !
      !           !             !
      !  Y114     !             !                                       C1
180   [---]/[-----!             !-------------------------------------(    )
      !           !             !
      !           !             !

!           !             !
      !           +-------------+
      !Auto/Man PS Int/Ext MOVW4---------+                             Dummy
      !VLIMIT   Input      !             !
      !on=auto  On=Ext     !   Auto      !
      !   C22     X167     !   VLimit    !                              C1
183   [---] [-----] [------!             !-----------------------------(    )
      !                    ! A:V6        !
      !                    ! PEI Vlimit  !
      !                    ! Analog      !
      !                    ! Output      !
      !                    ! B:WY66      !
      !                    ! N=1         !
      !                    +-------------+

!
      !PS Update Auto/Man  MOVW3---------+                          PS Update
      !DMACS Cmd VLIMIT    !             !                          DMACS Cmd
      !          on=auto   !  Target I   !
      !   C3        C22    !             !                             C3
189   [---] [-------] [----!             !----------------------------(RST )
      !                    ! A:V1        !
      !                    ! PEI Ext Ref !
      !                    ! Analog      !
      !                    ! Output      !
      !                    ! B:WY65      !
      !                    ! N=1         !
      !                    +-------------+
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Reversing switch control

      !     Reversing switch control -- DMACS may SET or RESET the
      !     reversing switch polarity coil C7 to set the polarity to
      !     reverse or forward respectively.  If I<25A (X161) and the
      !     reversing switch control relay (Y122) is opposite of what’s
      !      being requested, then the PLC will toggle the reversing
      !     switch control relay (Y122) to the desired new polarity.
      !     The first element below sets a forward switch to reverse.
      !     The second element below sets a reverse switch to forward.
      !     C5 is just a sacrificial internal coil used to fool TISOFT
      !     into allowing this comment to occur only once.
      !
      !
      !RS Pol    <25A-2 RS Ctrl                                        Comment
      !DMACS Cmd Input  Relay Out                                      Dummy 1
      !CL=Rev           CL=Rev
      !   C7      X161    Y121                                           C5
198   [---] [------] [-----]/[---------------------------------------*--(SET )
      !                                                              !
      !                                                              !RS Ctrl
      !                                                              !Relay Out
      !                                                              !CL=Rev
      !                                                              !  Y121
      !                                                              +--(SET )
      !
      !RS Pol    <25A-2 RS Ctrl                                       RS Ctrl
      !DMACS Cmd Input  Relay Out                                     Relay Out
      !CL=Rev           CL=Rev                                        CL=Rev
      !   C7      X161    Y121                                          Y121
207   [---]/[------] [-----] [------------------------------------------(RST )
      !
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Power Supply LCW Valve Control
      !     Power Supply LCW Valve Control -- If the
      !     power supply current (WX29) is greater than limit (K2) or
      !     the interphase transformer temperature (WX49) is greater
      !     than limit (K3), then the PLC energizes the valve (Y123)
      !     which supplys LCW to the power supply and it’s filter.

!
      !   PEI I   A/D                                             PS LCW Sol
      !   P.S     Constant                                        Relay
      !   Current 50Amps                                          CL=On
      !      WX29 K1                                                 Y123
213   [------]>=  INT[----*--------*---------------------------------(    )
      !                   !        !
      !  Purge            !        !
      !  PS/Bus           !        !
      !  LCW              !        !
      !    C23            !        !
      [----] [------------]        !
      !                   !        !
      !    PS     RTD     !        !
      !    Iphase Constant!        !
      !    Temp   40 Deg C!        !
      !      WX49 K10     !        !
      [------]>=  INT[----+        !
      !                            !
      !PS LCW Sol  PEI I   A/D     !
      !Relay       P.S     Constant!
      !CL=On       Current 25 Amps !
      !   Y123        WX29 K11     !
      [----] [--------]>=  INT[----]
      !                            !
      !PS LCW Sol   PS     RTD     !
      !Relay        Iphase Constant!
      !CL=On        Temp   35 Deg C!
      !   Y123        WX49 K13     !
      [----] [--------] >  INT[----+
      !
      !PS LCW Sol        TMR8----------+                                 PS Sol
      !Relay             !             !                                 5 Sec
      !CL=On             !             !                                 Delay
      !   Y123           !             !                                  C19
235   [----] [-----------!             !---------------------------------(    )
      !                  ! P=   5.0    !
      !                  !             !
      !                  !             !
      !                  !             !
      !                  !             !
      !                  !             !
      !                  !             !
      !PS LCW Sol        !             !
      !Relay             !             !
      !CL=On             !             !
      !   Y123           !             !
      [----] [-----------!             !
      !                  +-------------+
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Solenoid Bus and Free-Wheeling Diode LCW Valve Control
      !     Solenoid Bus and Free-Wheeling Diode LCW Valve Control --
      !     If the absolute solenoid current (WX28)is greater than limit
      !     (K1), or the free-wheeling diode temperature is greater than
      !     limit (K3); then the PLC energizes the valve (Y124) which
      !     supplies LCW to the water-cooled solenoid bus and it’s
      !     free-wheeling diode.

!
      !    ABSI-2  A/D                                             Bus LCW Sol
      !    Holec   Constant                                        Relay
      !    Current 50Amps                                          CL=On
      !       WX28 K1                                                 Y124
240   [-------]>=  INT[----*--------*---------------------------------(    )
      !                    !        !
      !   Purge            !        !
      !   PS/Bus           !        !
      !   LCW              !        !
      !    C23             !        !
      [----] [-------------]        !
      !                    !        !
      !     Filter RTD     !        !
      !     Diode  Constant!        !
      !     Temp   40 Deg C!        !
      !       WX53 K10     !        !
      [-------]>=  INT[----+        !
      !                             !
      !Bus LCW Sol  ABSI-2  A/D     !
      !Relay        Holec   Constant!
      !CL=On        Current 25 Amps !
      !   Y124         WX28 K11     !
      [----] [---------]>=  INT[----]
      !                             !
      !Bus LCW Sol   Filter RTD     !
      !Relay         Diode  Constant!
      !CL=On         Temp   35 Deg C!
      !   Y124         WX53 K13     !
      [----] [---------] >  INT[----+
      !
      !Bus LCW Sol        TMR9----------+                                Bus Sol
      !Relay              !             !                                5 Sec
      !CL=On              !             !                                Delay
      !   Y124            !             !                                  C20
262   [----] [------------!             !---------------------------------(    )
      !                   ! P=   5.0    !

!                   !             !
      !Bus LCW Sol        !             !
      !Relay              !             !
      !CL=On              !             !
      !   Y124            !             !
      [----] [------------!             !
      !                   +-------------+
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Power Supply,  Bus,  and Free-Wheeling Diode LCW Purge  Timer
      !Purge         TMR10---------+                                 Purge
      !PS/Bus        !             !                                 PS/Bus
      !LCW           !             !                                 LCW
      !  C23         !             !                                  C23
267   [--] [---------!             !---------------------------------(RST )
      !              ! P=   60.0   !
      !              !             !

!              !             !
      !Purge         !             !
      !PS/Bus        !             !
      !LCW           !             !
      !  C23         !             !
      [--] [---------!             !
      !              +-------------+
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LCW Flow Status
      !     LCW Flow Status -- If the power supply/filter cooling is
      !     OK (flow ok, or temp < limit, or current < limit);
      !     and the solenoid/diode cooling is OK (flow ok, or current <
      !     limit); then the PLC closes the flow status contact (Y125)
      !     which signals to the interlock modules that the LCW flow is
      !     OK. Note that the current limits are higher than that used
      !     for turning on the solenoids.  This is to allow time for
      !     the valves and flow switches to respond thus avoiding
      !     nuisance "Flow Status" interlock trips. C19 & C20 also
      !     provide protection against nuisance trips by bypassing the
      !     flow switches for 5 seconds after the solenoids have been
      !     turned on to allow time for LCW to begin flowing.
      !
      !
      ! PS Sol PS LCW Sol                 Bus Sol Bus LCW Sol
      ! 5 Sec  Relay                      5 Sec   Relay
      ! Delay  CL=On                      Delay   CL=On
      !  C19      Y123                      C20      Y124                      >
274   [--]/[-------] [-------------------*--]/[-------] [--------------------*-a
      !                                  !                                   ! >
      !PS LCW                            !Bus LCW                            !
      !Flow Sw                           !Flow Sw                            !
      !CL=Flow                           !CL=Flow                            !
      ! X159                             ! X176                              !
      [--] [-----------------------------*--] [------------------------------]
      !                                  !                                   !
      !PEI I   A/D        PS     RTD     !ABSI-2  A/D         Filter RTD     !
      !P.S     Constant   Iphase Constant!Holec   Constant    Diode  Constant!
      !Current 100Amps    Temp   45DegC  !Current 100Amps     Temp   45DegC  !
      !   WX29 K2           WX49 K3      !   WX28 K2            WX53 K3      !
      [---] <  INT[---------] <  INT[----*---] <  INT[----------] <  INT[----+
      !

                                                                       Flow Stat
                                                                       Relay Out
                                                                       CL=OK
      >                                                                  Y125
      a------------------------------------------------------------------(    )
      >
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Quench Detector Lead Test
      !     Quench Detector Lead Test -- This section compares the
      !     vapor cooled, transition, and chimney "A" leads with the
      !     corresponding "B" leads. If the difference is too much as
      !     defined by K4, K5, and K6, then the leads are probably
      !     shorted inside the control dewar and unable to detect a
      !     quench.  Thus flags are set which are then used elsewhere
      !     to trigger a fast dump.

!
      !QD Lead          SUB1----------+   ABSV1---------+  VL A-B VL Test
      !Chk Enbl         !             !   !             !  Value  Limit
      !1 = On   Zero    !   Lead A    !   !   VL A-B    !         20mV
      !      K7 K8      !   Volts     !   !   Value     !      V3 K4           >
300   [----] >  INT[----!             !---!             !----]>=  INT[---------a
      !                 ! A:WX1       !   ! A:V3        !                      >
      !                 !             !   !             !
      !                 !   Lead B    !   !             !
      !                 !   Volts     !   !             !
      !                 !             !   !             !
      !                 ! B:WX4       !   !             !
      !                 !             !   +-------------+
      !                 !   VL A-B    !
      !                 !   Value     !
      !                 !             !
      !                 ! C:V3        !

!                 +-------------+
                                                                         VL Fail
                                                                         Flag

>                                                                    C16
      a-------------------------------------------------------------------(    )
      >
      !QD Lead          SUB2----------+   ABSV2---------+  TL A-B TL Test
      !Chk Enbl         !             !   !             !  Value  Limit
      !1 = On   Zero    !   Trans A   !   !   TL A-B    !         20mV
      !      K7 K8      !   Volts     !   !   Value     !      V4 K5           >
316   [----] >  INT[----!             !---!             !----]>=  INT[---------a
      !                 ! A:WX7       !   ! A:V4        !                      >
      !                 !             !   !             !
      !                 !   Trans B   !   !             !
      !                 !   Volts     !   !             !
      !                 !             !   !             !
      !                 ! B:WX10      !   !             !
      !                 !             !   +-------------+
      !                 !   TL A-B    !
      !                 !   Value     !
      !                 !             !
      !                 ! C:V4        !

!                 +-------------+

                                                                        TL Fail
                                                                         Flag

      >                                                                    C17
      a-------------------------------------------------------------------(    )
      >
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      !QD Lead          SUB3----------+   ABSV3---------+   OC-IC OC-IC Test
      !Chk Enbl         !             !   !             !   Value Limit
      !1 = On   Zero    ! Outer Coil  !   !    OC-IC    !         40mV
      !      K7 K8      ! Volts       !   !    Value    !      V5 K6           >
332   [----] >  INT[----!             !---!             !----]>=  INT[---------a
      !                 ! A:WX19      !   ! A:V5        !                      >
      !                 !             !   !             !
      !                 ! Inner Coil  !   !             !
      !                 ! Volts       !   !             !
      !                 !             !   !             !
      !                 ! B:WX20      !   !             !
      !                 !             !   +-------------+
      !                 !    OC-IC    !
      !                 !    Value    !
      !                 !             !
      !                 ! C:V5        !
      !                 !             !
      !                 +-------------+

                                                                         CL Fail
                                                                         Flag

      >                                                                    C18
      a-------------------------------------------------------------------(    )
      >
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PS Internal Mode Compensator
      !     PS Internal Mode Compensator - If the power supply is set
      !     to internal reference mode, then this element sends a 7.5V
      !     VLIMIT signal to the power supply.  This is to allow the
      !     power supply to be controlled locally via internal
      !     reference.  When the reference switch is set back to
      !     "external", then the DMACS operator can set the voltage
      !     limit to a new value on the power supply control screen.
      !
      !PS Int/Ext  MOVW5---------+   MOVW6---------+                     Dummy
      !Input       !             !   !             !
      !1=Ext       !  D/A        !   !  D/A        !
      !   X167     !  Constant   !   !  Constant   !                      C21
348   [----]/[-----!  7.5 Volts  !---!  7.5 Volts  !---------------------(    )
      !            ! A:K12       !   ! A:K12       !
      !            ! PEI Vlimit  !   !   Manual    !
      !            ! Analog      !   !   VLimit    !
      !            ! Output      !   !             !
      !            ! B:WY66      !   ! B:V2        !
      !            ! N=1         !   ! N=1         !
      !            +-------------+   +-------------+
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Quench Data Logging
This section coded and documented by Dan Markley
      !
      !
      !                                                                     NOP
358   [-------------------------------------------------------------------(    )
      !
      !
      !
      !
      !                                                                     NOP
359   [-------------------------------------------------------------------(    )
      !
      !                          TEXT2-----------------------------------------+
      !                          !                                             !
      !                          !  THIS SECTION OF LADDER LOGIC CONTROLS      !
      !                          !                                             !
360   [--------------------------!  1. FAST QUENCH DATA ROTATING MEMORY        !
      !                          !                                             !
      !                          !  2. FDATA SPFGM’S (INTEGER TO REAL CONV)    !
      !                          !                                             !
      !                          !  3. POST DUMP FDATA ROTATING MEMORY RESET   !
      !                          !                                             !
      !                          !                                             !
      !                          +---------------------------------------------+
      !DS Stat                                                        FDATA
      !Input                                                          TRIGGER
      !1=Closed
      !  X174     1                                                     C98
439   [--]I/[----:O:---------------------------------------------------(RST )
      !
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      !FDATA RESET                                                   FDATA
      !                                                              TRIGGER
      !
      !    C97                                                         C98
446   [----] [----------------------------------------------------*---(SET )
      !                                                           !
      !                                                           !  FDATA
      !                                                           !  SFPGM #2
      !                                                           !  TRIGGER
      !                                                           !   C116
      !                                                           [---(RST )
      !                                                           !
      !                                                           !  FDATA
      !                                                           !  SFPGM #3
      !                                                           !  TRIGGER
      !                                                           !   C118
      !                                                           [---(RST )
      !                                                           !
      !                                                           !  FDATA
      !                                                           !  SFPGM #4
      !                                                           !  TRIGGER
      !                                                           !   C120
      !                                                           [---(RST )
      !                                                           !
      !                                                           !FDATA RESET
      !                                                           !
      !                                                           !
      !                                                           !    C97
      !                                                           +---(RST )
      !
      !FDATA           TMR99---------+                                FDATA FAIL
      !AQUIRE          !             !                                ALARM
      !FINISHED        !             !
      !  C100          !             !                                    C96
462   [---] [----------!             !-----------------------------------(    )
      !                ! P=   300.0  !
      !                !             !
      !                !             !
      !                !             !
      !                !             !
      !                !             !
      !                !             !
      !FDATA           !             !
      !AQUIRE          !             !
      !FINISHED        !             !
      !  C100          !             !
      [---] [----------!             !
      !                +-------------+
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      !FDATA          TMR100--------+                                FDATA
      !TRIGGER        !             !                                RECORD OR
      !               !             !                                DUMP STAT
      !  C98          !             !                                   C99
467   [--]/[----------!             !----------------------------------(    )
      !               ! P=   60.0   !
      !               !             !
      !               !             !
      !               !             !
      !               !             !
      !               !             !
      !               !             !
      !FDATA          !             !
      !TRIGGER        !             !
      !               !             !
      !  C98          !             !
      [--]/[----------!             !
      !               +-------------+
      !FDATA      SFPGM1--------+                                      FDATA
      !RECORD OR  !             !                                      SFPGM #1
      !DUMP STAT  !             !                                      FINISHED
      !   C99     !             !                                        C115
472   [---] [-----!             !----------------------------------------(    )
      !           !             !
      !           !             !
      !           !             !
      !           !             !
      !           !             !
      !           !             !
      !           +-------------+
      !FDATA      SFPGM9--------+                                       Dummy
      !RECORD OR  !             !
      !DUMP STAT  !             !
      !   C99     !             !                                        C1
475   [---] [-----!             !---------------------------------------(    )
      !           !             !
      !           !             !
      !           !             !
      !           !             !
      !           !             !
      !           !             !
      !           +-------------+
      !FDATA     SFPGM2--------+                                      FDATA
      !SFPGM #2  !             !                                      SFPGM #2
      !TRIGGER   !             !                                      FINISHED
      !  C116    !             !                                        C117
478   [---] [----!             !----------------------------------------(    )
      !          !             !
      !          !             !
      !          !             !
      !          !             !
      !          !             !
      !          !             !
      !          +-------------+
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      !FDATA     SFPGM3--------+                                      FDATA
      !SFPGM #3  !             !                                      SFPGM #3
      !TRIGGER   !             !                                      FINISHED
      !  C118    !             !                                        C119
481   [---] [----!             !----------------------------------------(    )
      !          !             !
      !          !             !
      !          !             !
      !          !             !
      !          !             !
      !          !             !
      !          +-------------+
      !FDATA     SFPGM4--------+                                      FDATA
      !SFPGM #4  !             !                                      AQUIRE
      !TRIGGER   !             !                                      FINISHED
      !  C120    !             !                                        C100
484   [---] [----!             !----------------------------------------(    )
      !          !             !
      !          !             !
      !          !             !
      !          !             !
      !          !             !
      !          !             !
      !          +-------------+
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      !FDATA      MOVE10--------+   MOVE11--------+   MOVE12--------+
      !RECORD OR  !  WORD       !   !  WORD       !   !  WORD       !
      !DUMP STAT  !   Lead A    !   !   Lead B    !   !   Trans A   !
      !   C99     !   Volts     !   !   Volts     !   !   Volts     !          >
487   [---]/[-----!             !---!             !---!             !----------a
      !           !TS:WX1       !   !TS:WX4       !   !TS:WX7       !          >
      !           !             !   !             !   !             !
      !           !             !   !             !   !             !
      !           !             !   !             !   !             !
      !           !SI:          !   !SI:          !   !SI:          !
      !           ! FDATA       !   ! FDATA       !   ! FDATA       !
      !           ! WX1 STORAGE !   ! WX4 STORAGE !   ! WX7 STORAGE !
      !           ! BEGINNING   !   ! BEGINNING   !   ! BEGINNING   !
      !           !TD:V50000    !   !TD:V53600    !   !TD:V57200    !
      !           !             !   !             !   !             !
      !           !DI:V100      !   !DI:V100      !   !DI:V100      !
      !           ! N=+1        !   ! N=+1        !   ! N=+1        !
      !           +-------------+   +-------------+   +-------------+

                    MOVE13--------+   MOVE14--------+   MOVE34--------+   Dummy
                    !  WORD       !   !  WORD       !   !  WORD       !
                    !   Trans B   !   !  Chimney A  !   !  Chimney B  !
      >             !   Volts     !   !  Volts      !   !  Volts      !    C1
      a-------------!             !---!             !---!             !---(    )
      >             !TS:WX10      !   !TS:WX13      !   !TS:WX16      !
                    !             !   !             !   !             !
                    !             !   !             !   !             !
                    !             !   !             !   !             !
                    !SI:          !   !SI:          !   !SI:          !
                    ! FDATA       !   ! FDATA       !   ! FDATA       !
                    ! WX10 STORE  !   ! WX13 STORE  !   ! WX16 STORE  !
                    ! BEGINNING   !   ! BEGINNING   !   ! BEGINNING   !
                    !TD:V60800    !   !TD:V64400    !   !TD:V68000    !
                    !             !   !             !   !             !
                    !DI:V100      !   !DI:V100      !   !DI:V100      !
                    ! N=+1        !   ! N=+1        !   ! N=+1        !
                    +-------------+   +-------------+   +-------------+
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      !FDATA      MOVE15--------+   MOVE16--------+   MOVE17--------+
      !RECORD OR  !  WORD       !   !  WORD       !   !  WORD       !
      !DUMP STAT  ! Outer Coil  !   ! Inner Coil  !   ! Center Tap  !
      !   C99     ! Volts       !   ! Volts       !   ! Imbal Volts !          >
531   [---]/[-----!             !---!             !---!             !----------a
      !           !TS:WX19      !   !TS:WX20      !   !TS:WX21      !          >
      !           !             !   !             !   !             !
      !           !             !   !             !   !             !
      !           !             !   !             !   !             !
      !           !SI:          !   !SI:          !   !SI:          !
      !           ! FDATA       !   ! FDATA       !   ! FDATA       !
      !           ! WX19 STORE  !   ! WX20 STORE  !   ! WX21 STORE  !
      !           ! BEGINNING   !   ! BEGINNING   !   ! BEGINNING   !
      !           !TD:V71600    !   !TD:V75200    !   !TD:V78800    !
      !           !             !   !             !   !             !
      !           !DI:V100      !   !DI:V100      !   !DI:V100      !
      !           ! N=+1        !   ! N=+1        !   ! N=+1        !
      !           +-------------+   +-------------+   +-------------+

                                      MOVE18--------+   MOVE19--------+   Dummy
                                      !  WORD       !   !  WORD       !
                                      ! Qtr Tap     !   !  MagCurr-2  !
      >                               ! Imbal Volts !   !  Holec Out  !    C1
      a-------------------------------!             !---!             !---(    )
      >                               !TS:WX24      !   !TS:WX41      !
                                      !             !   !             !
                                      !             !   !             !
                                      !             !   !             !
                                      !SI:          !   !SI:          !
                                      ! FDATA       !   ! FDATA       !
                                      ! WX24 STORE  !   ! WX41 STORE  !
                                      ! BEGINNING   !   ! BEGINNING   !
                                      !TD:V82400    !   !TD:V86000    !
                                      !             !   !             !
                                      !DI:V100      !   !DI:V100      !
                                      ! N=+1        !   ! N=+1        !
                                      +-------------+   +-------------+
      !FDATA      ADD10---------+                                       Dummy
      !RECORD OR  !             !
      !DUMP STAT  !   FDATA     !
      !   C99     !   LADDER    !                                        C1
568   [---]/[-----!   INDEXER   !---------------------------------------(    )
      !           ! A:V100      !
      !           !             !
      !           !             !
      !           !             !
      !           !             !
      !           ! B:+1        !
      !           !             !
      !           !   FDATA     !
      !           !   LADDER    !
      !           !   INDEXER   !
      !           ! C:V100      !
      !           !             !
      !           +-------------+
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      !FDATA     FDATA           LDC25---------+                     Dummy
      !RECORD OR LADDER          !             !
      !DUMP STAT INDEXER         !   FDATA     !
      !   C99       V100 +3600   !   LADDER    !                      C1
574   [---]/[-------]>=  INT[----!   INDEXER   !---------------------(    )
      !                          ! A:V100      !
      !                          !             !
      !                          ! N=0         !
      !                          !             !
      !                          !             !
      !                          !             !
      !                          +-------------+
      !
      !
      !
      !                                                                     NOP
583   [-------------------------------------------------------------------(    )
      !
      !                          TEXT3-----------------------------------------+
      !                          !                                             !
      !                          !  THIS SECTION OF LADDER LOGIC CONTROLS:     !
      !                          !                                             !
584   [--------------------------!  1. SLOW DUMP DATA ROTATING MEMORY          !
      !                          !                                             !
      !                          !  2. SDATA SFPGM’S (INTEGER TO REAL CONV)    !
      !                          !                                             !
      !                          !  3. POST DUMP SDATA ROTATING MEMORY RESET   !
      !                          !                                             !
      !                          !                                             !
      !                          +---------------------------------------------+
      !PS On/Off       DS Stat                                      SDATA
      !Input           Input                                        TRIGGER
      !1=On            1=Closed
      !  X164      2     X174                                        C106
663   [---]/[-----:O:-----] [----------------------------------------(RST )
      !
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      !SDATA                                                        SDATA
      !RESET                                                        TRIGGER
      !
      !C107                                                          C106
669   [-] [-------------------------------------------------------*--(SET )
      !                                                           !
      !                                                           !SDATA
      !                                                           !SFPGM #6
      !                                                           !TRIGGER
      !                                                           !  C122
      !                                                           [--(RST )
      !                                                           !
      !                                                           !SDATA
      !                                                           !SFPGM #7
      !                                                           !TRIGGER
      !                                                           !  C124
      !                                                           [--(RST )
      !                                                           !
      !                                                           !SDATA
      !                                                           !SFPGM #8
      !                                                           !TRIGGER
      !                                                           !  C126
      !                                                           [--(RST )
      !                                                           !
      !                                                           !  SDATA
      !                                                           !  RESET
      !                                                           !
      !                                                           !  C107
      !                                                           +--(RST )
      !
      !SDATA           TMR101--------+                                SDATA FAIL
      !AQUIRE          !             !                                ALARM
      !FINISHED        !             !
      !  C109          !             !                                   C108
685   [---] [----------!             !-----------------------------------(    )
      !                ! P=   300.0  !
      !                !             !
      !                !             !
      !                !             !
      !                !             !
      !                !             !
      !                !             !
      !SDATA           !             !
      !AQUIRE          !             !
      !FINISHED        !             !
      !  C109          !             !
      [---] [----------!             !
      !                +-------------+
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      !SDATA          TMR102--------+                                SDATA
      !TRIGGER        !             !                                RECORD OR
      !               !             !                                DUMP STAT
      ! C106          !             !                                  C110
690   [--]/[----------!             !----------------------------------(    )
      !               ! P=   270.0  !
      !               !             !
      !               !             !
      !               !             !
      !               !             !
      !               !             !
      !               !             !
      !SDATA          !             !
      !TRIGGER        !             !
      !               !             !
      ! C106          !             !
      [--]/[----------!             !
      !               +-------------+
      !Dummy  ADD11---------+                                             Dummy
      !       !             !
      !       ! SDATA       !
      ! C1    ! LADDER SCAN !                                              C1
695   [-] [-*-! COUNTER     !---------------------------------------------(    )
      !     ! ! A:V105      !
      !Dummy! !             !
      !     ! !             !
      !     ! !             !
      ! C1  ! !             !
      [-]/[-+ ! B:+1        !
      !       !             !
      !       ! SDATA       !
      !       ! LADDER SCAN !
      !       ! COUNTER     !
      !       ! C:V105      !
      !       !             !
      !       +-------------+
      !Dummy SDATA               LDC27---------+                     Dummy
      !      LADDER SCAN         !             !
      !      COUNTER             ! SDATA       !
      ! C1          V105 +5      ! LADDER SCAN !                      C1
702   [-]/[-*-------]>=  INT[----! COUNTER     !---------------------(    )
      !     !                    ! A:V105      !
      !Dummy!                    !             !
      !     !                    ! N=1         !
      !     !                    !             !
      ! C1  !                    !             !
      [-] [-+                    !             !
      !                          +-------------+
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      !Dummy SDATA                                                  LADDER
      !      LADDER SCAN                                            SCAN /4
      !      COUNTER                                                COUNTER
      ! C1          V105 +4                                          C111
712   [-]/[-*-------] =  INT[----------------------------------------(    )
      !     !
      !Dummy!
      !     !
      !     !
      ! C1  !
      [-] [-+
      !
      !SDATA     LADDER   ADD12---------+  SDATA           LDC26---------+
      !RECORD OR SCAN /4  !             !  INDEXER         !             !
      !DUMP STAT COUNTER  !   SDATA     !                  !   SDATA     !
      !  C110     C111    !   INDEXER   !     V106 +3000   !   INDEXER   !     >
719   [---]/[------] [----!             !-----]>=  INT[----!             !-----a
      !                   ! A:V106      !                  ! A:V106      !     >
      !                   !             !                  !             !
      !                   !             !                  ! N=0         !
      !                   !             !                  !             !
      !                   !             !                  !             !
      !                   ! B:+1        !                  !             !
      !                   !             !                  +-------------+
      !                   !   SDATA     !
      !                   !   INDEXER   !
      !                   !             !
      !                   ! C:V106      !
      !                   !             !
      !                   +-------------+

                                                                          Dummy

      >                                                                    C1
      a-------------------------------------------------------------------(    )
      >
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      !SDATA     LADDER   MOVE20--------+   MOVE21--------+   MOVE22--------+
      !RECORD OR SCAN /4  !  WORD       !   !  WORD       !   !  WORD       !
      !DUMP STAT COUNTER  !   Lead A    !   !   Lead B    !   !   Trans A   !
      !  C110     C111    !   Volts     !   !   Volts     !   !   Volts     !  >
733   [---]/[------] [----!             !---!             !---!             !--a
      !                   !TS:WX1       !   !TS:WX4       !   !TS:WX7       !  >
      !                   !             !   !             !   !             !
      !                   !             !   !             !   !             !
      !                   !             !   !             !   !             !
      !                   !SI:          !   !SI:          !   !SI:          !
      !                   !  SDATA      !   !  SDATA      !   !  SDATA      !
      !                   !  WX1 STORE  !   !  WX4 STORE  !   !  WX7 STORE  !
      !                   !  BEGINNING  !   !  BEGINNING  !   !  BEGINNING  !
      !                   !TD:V90000    !   !TD:V93000    !   !TD:V96000    !
      !                   !             !   !             !   !             !
      !                   !DI:V106      !   !DI:V106      !   !DI:V106      !
      !                   ! N=+1        !   ! N=+1        !   ! N=+1        !
      !                   +-------------+   +-------------+   +-------------+

                    MOVE23--------+   MOVE24--------+   MOVE35--------+   Dummy
                    !  WORD       !   !  WORD       !   !  WORD       !
                    !   Trans B   !   !  Chimney A  !   !  Chimney B  !
      >             !   Volts     !   !  Volts      !   !  Volts      !    C1
      a-------------!             !---!             !---!             !---(    )
      >             !TS:WX10      !   !TS:WX13      !   !TS:WX16      !
                    !             !   !             !   !             !
                    !             !   !             !   !             !
                    !             !   !             !   !             !
                    !SI:          !   !SI:          !   !SI:          !
                    ! SDATA       !   ! SDATA       !   ! SDATA       !
                    ! WX13 STORE  !   ! WX13 STORE  !   ! WX16 STORE  !
                    ! BEGINNING   !   ! BEGINNING   !   ! BEGINNING   !
                    !TD:V99000    !   !TD:V102000   !   !TD:V105000   !
                    !             !   !             !   !             !
                    !DI:V106      !   !DI:V106      !   !DI:V106      !
                    ! N=+1        !   ! N=+1        !   ! N=+1        !
                    +-------------+   +-------------+   +-------------+
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      !SDATA     LADDER   MOVE25--------+   MOVE26--------+   MOVE27--------+
      !RECORD OR SCAN /4  !  WORD       !   !  WORD       !   !  WORD       !
      !DUMP STAT COUNTER  ! Outer Coil  !   ! Inner Coil  !   ! Center Tap  !
      !  C110     C111    ! Volts       !   ! Volts       !   ! Imbal Volts !  >
778   [---]/[------] [----!             !---!             !---!             !--a
      !                   !TS:WX19      !   !TS:WX20      !   !TS:WX21      !  >
      !                   !             !   !             !   !             !
      !                   !             !   !             !   !             !
      !                   !             !   !             !   !             !
      !                   !SI:          !   !SI:          !   !SI:          !
      !                   ! SDATA       !   ! SDATA       !   ! SDATA       !
      !                   ! WX19 STORE  !   ! WX20 STORE  !   ! WX21 STORE  !
      !                   ! BEGINNING   !   ! BEGINNING   !   ! BEGINNING   !
      !                   !TD:V108000   !   !TD:V111000   !   !TD:V114000   !
      !                   !             !   !             !   !             !
      !                   !DI:V106      !   !DI:V106      !   !DI:V106      !
      !                   ! N=+1        !   ! N=+1        !   ! N=+1        !
      !                   +-------------+   +-------------+   +-------------+

                                      MOVE28--------+   MOVE29--------+   Dummy
                                      !  WORD       !   !  WORD       !
                                      ! Qtr Tap     !   !  MagCurr-2  !
      >                               ! Imbal Volts !   !  Holec Out  !    C1
      a-------------------------------!             !---!             !---(    )
      >                               !TS:WX24      !   !TS:WX41      !
                                      !             !   !             !
                                      !             !   !             !
                                      !             !   !             !
                                      !SI:          !   !SI:          !
                                      ! SDATA       !   ! SDATA       !
                                      ! WX24 STORE  !   ! WX41 STORE  !
                                      ! BEGINNING   !   ! BEGINNING   !
                                      !TD:V117000   !   !TD:V120000   !
                                      !             !   !             !
                                      !DI:V106      !   !DI:V106      !
                                      ! N=+1        !   ! N=+1        !
                                      +-------------+   +-------------+
      !SDATA      SFPGM5--------+                                      SDATA
      !RECORD OR  !             !                                      SFPGM #5
      !DUMP STAT  !             !                                      FINISHED
      !  C110     !             !                                        C121
816   [---] [-----!             !----------------------------------------(    )
      !           !             !
      !           !             !
      !           !             !
      !           !             !
      !           !             !
      !           !             !
      !           +-------------+



TISOFT                                                            Page 31
Rev Date: 09-01-99     DZERO Solenoid Control PLC                 555  D0SOL
H970603A

      !SDATA      SFPGM9--------+                                       Dummy
      !RECORD OR  !             !
      !DUMP STAT  !             !
      !  C110     !             !                                        C1
819   [---] [-----!             !---------------------------------------(    )
      !           !             !
      !           !             !
      !           !             !
      !           !             !
      !           !             !
      !           !             !
      !           +-------------+
      !SDATA     SFPGM6--------+                                      SDATA
      !SFPGM #6  !             !                                      SFPMG #6
      !TRIGGER   !             !                                      FINISHED
      !  C122    !             !                                        C123
822   [---] [----!             !----------------------------------------(    )
      !          !             !
      !          !             !
      !          !             !
      !          !             !
      !          !             !
      !          !             !
      !          +-------------+
      !SDATA     SFPGM7--------+                                      SDATA
      !SFPGM #7  !             !                                      SFPGM #7
      !TRIGGER   !             !                                      FINISHED
      !  C124    !             !                                        C125
825   [---] [----!             !----------------------------------------(    )
      !          !             !
      !          !             !
      !          !             !
      !          !             !
      !          !             !
      !          !             !
      !          +-------------+
      !SDATA     SFPGM8--------+                                      SDATA
      !SFPGM #8  !             !                                      SFPGM #8
      !TRIGGER   !             !                                      FINISHED
      !  C126    !             !                                        C127
828   [---] [----!             !----------------------------------------(    )
      !          !             !
      !          !             !
      !          !             !
      !          !             !
      !          !             !
      !          !             !
      !          +-------------+
      !
      !
      !
      !                                                                     NOP
831   [-------------------------------------------------------------------(    )
      !
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      !Dummy  MOVW7---------+                                             Dummy
      !       !             !
      !       !   ABSI-2    !
      ! C1    !   Holec     !                                              C1
832   [-] [-*-!   Current   !---------------------------------------------(    )
      !     ! ! A:WX28      !
      !Dummy! !             !
      !     ! !             !
      !     ! !             !
      ! C1  ! ! B:WY67      !
      [-]/[-+ ! N=1         !
      !       +-------------+
      !
      !
      !
      !                                                                     NOP
839   [-------------------------------------------------------------------(    )
      !
      !
      !
      !
      !                                                                     END
840   [-------------------------------------------------------------------(    )
      !
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Special Functions
Special functions 1 thru 9 written and documented by Dan Markley.  Special function 10 by R. Hance

Scale and Move Fast Data
TITLE: FDATARL1                                             SF PROGRAM    1
                   CONTINUE ON ERROR (Y,N): YES
              ERROR STATUS ADDR (Y,C,WY,V):
                    PROGRAM TYPE (N,P,C,R): NORMAL
                          CYCLE TIME (SEC): 0.0
--------------------------------------------------------------------------------
00001 *       ***THIS SFPGM SCALES AND MOVES FAST DATA TO REAL V MEMORY***
                 V100 IS INDEXER
                V102 IS THE REAL NUMBER INDEXER

00002 *       THIS CONDITIONS THE FIRST 3 FAST DATA REAL TAGS
00003 IMATH   V101 := V100 + 1
00004 IMATH   V102 := 1
00005 LABEL    LABEL.........: 1
00006 IF      V101 >= 3601
00007 IMATH   V101 := 1
00008 ELSE
00009 ENDIF
00010 SCALE    BINARY INPUT..: (V50000(V101))   SCALED RESULT.: V1000.(V102)
               LOW LIMIT.....: -0.1             HIGH LIMIT....: 0.1
               20% OFFSET....: NO               BIPOLAR.......: NO
00011 SCALE    BINARY INPUT..: (V53600(V101))   SCALED RESULT.: V8200.(V102)
               LOW LIMIT.....: -0.1             HIGH LIMIT....: 0.1
               20% OFFSET....: NO               BIPOLAR.......: NO
00012 SCALE    BINARY INPUT..: (V57200(V101))   SCALED RESULT.: V15400.(V102)
               LOW LIMIT.....: -0.1             HIGH LIMIT....: 0.1
               20% OFFSET....: NO               BIPOLAR.......: NO
00013 IMATH   V101 := V101 + 1
00014 IMATH   V102 := V102 + 2
00015 IF      V102 < 7201
00016 GOTO     LABEL.........: 1
00017 ELSE
00018 ENDIF
****  END ****
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Condition Next 3 Fast Data Real Tags
TITLE: FDATARL2                                             SF PROGRAM    2
                   CONTINUE ON ERROR (Y,N): YES
              ERROR STATUS ADDR (Y,C,WY,V):
                    PROGRAM TYPE (N,P,C,R): NORMAL
                          CYCLE TIME (SEC): 0.0
--------------------------------------------------------------------------------
00001 *       THIS CONDITIONS THE NEXT 3 FAST DATA REAL TAGS
00002 IMATH   V101 := V100 + 1
00003 IMATH   V102 := 1
00004 LABEL    LABEL.........: 1
00005 IF      V101 >= 3601
00006 IMATH   V101 := 1
00007 ELSE
00008 ENDIF
00009 SCALE    BINARY INPUT..: (V60800(V101))   SCALED RESULT.: V1000.(V102)
               LOW LIMIT.....: -0.1             HIGH LIMIT....: 0.1
               20% OFFSET....: NO               BIPOLAR.......: NO
00010 SCALE    BINARY INPUT..: (V64400(V101))   SCALED RESULT.: V8200.(V102)
               LOW LIMIT.....: -0.1             HIGH LIMIT....: 0.1
               20% OFFSET....: NO               BIPOLAR.......: NO
00011 SCALE    BINARY INPUT..: V68000(V101)     SCALED RESULT.: V15400.(V102)
               LOW LIMIT.....: -0.1             HIGH LIMIT....: 0.1
               20% OFFSET....: NO               BIPOLAR.......: NO
00012 IMATH   V101 := V101 + 1
00013 IMATH   V102 := V102 + 2
00014 IF      V102 < 7201
00015 GOTO     LABEL.........: 1
00016 ELSE
00017 ENDIF
****  END ****
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TITLE: FDATARL3                                             SF PROGRAM    3
                   CONTINUE ON ERROR (Y,N): YES
              ERROR STATUS ADDR (Y,C,WY,V):
                    PROGRAM TYPE (N,P,C,R): NORMAL
                          CYCLE TIME (SEC): 0.0
--------------------------------------------------------------------------------
00001 *       THIS CONDITIONS THE NEXT 3 FAST DATA REAL TAGS
00002 IMATH   V101 := V100 + 1
00003 IMATH   V102 := 1
00004 LABEL    LABEL.........: 3
00005 IF      V101 >= 3601
00006 IMATH   V101 := 1
00007 ELSE
00008 ENDIF
00009 SCALE    BINARY INPUT..: (V71600(V101))   SCALED RESULT.: V1000.(V102)
               LOW LIMIT.....: -10.0            HIGH LIMIT....: 10.0
               20% OFFSET....: NO               BIPOLAR.......: NO
00010 SCALE    BINARY INPUT..: (V75200(V101))   SCALED RESULT.: V8200.(V102)
               LOW LIMIT.....: -10.0            HIGH LIMIT....: 10.0
               20% OFFSET....: NO               BIPOLAR.......: NO
00011 SCALE    BINARY INPUT..: (V78800(V101))   SCALED RESULT.: V15400.(V102)
               LOW LIMIT.....: -0.2             HIGH LIMIT....: 0.2
               20% OFFSET....: NO               BIPOLAR.......: NO
00012 IMATH   V101 := V101 + 1
00013 IMATH   V102 := V102 + 2
00014 IF      V102 < 7201
00015 GOTO     LABEL.........: 3
00016 ELSE
00017 ENDIF
****  END ****
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Condition Last 2 Fast Data Real Tags
TITLE: FDATARL4                                             SF PROGRAM    4
                   CONTINUE ON ERROR (Y,N): YES
              ERROR STATUS ADDR (Y,C,WY,V):
                    PROGRAM TYPE (N,P,C,R): NORMAL
                          CYCLE TIME (SEC): 0.0
--------------------------------------------------------------------------------
00001 *       THIS CONDITIONS THE LAST 2 FAST DATA REAL TAG
00002 IMATH   V101 := V100 + 1
00003 IMATH   V102 := 1
00004 LABEL    LABEL.........: 1
00005 IF      V101 >= 3601
00006 IMATH   V101 := 1
00007 ELSE
00008 ENDIF
00009 SCALE    BINARY INPUT..: (V82400(V101))   SCALED RESULT.: V1000.(V102)
               LOW LIMIT.....: -0.4             HIGH LIMIT....: 0.4
               20% OFFSET....: NO               BIPOLAR.......: NO
00010 SCALE    BINARY INPUT..: (V86000(V101))   SCALED RESULT.: V8200.(V102)
               LOW LIMIT.....: -5000.0          HIGH LIMIT....: 5000.0
               20% OFFSET....: NO               BIPOLAR.......: YES
00011 IMATH   V101 := V101 + 1
00012 IMATH   V102 := V102 + 2
00013 IF      V102 < 7201
00014 GOTO     LABEL.........: 1
00015 ELSE
00016 ENDIF
****  END ****
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Scale and Move Fast Data to Real V Memory
TITLE: SDATARL1                                             SF PROGRAM    5
                   CONTINUE ON ERROR (Y,N): YES

              ERROR STATUS ADDR (Y,C,WY,V):
                    PROGRAM TYPE (N,P,C,R): NORMAL
                          CYCLE TIME (SEC): 0.0
--------------------------------------------------------------------------------
00001 *       ***THIS SFPGM SCALES AND MOVES FAST DATA TO REAL V MEMORY***
              SAMPLE 1 USES INTEGER VMEM BETWEEN V103000 AND V105999
               SAMPLE 2 USES INTEGER VMEM BETWEEN V106000 AND V108999
                V106 IS INDEXER
              V108 IS THE REAL NUMBER INDEXER
              SAMPLE 1 WILL USE REAL VMEM BETWEEN V73000 AND V78999
              SAMPLE 2 WILL USE REAL VMEM BETWEEN V79000 AND V84999

00002 *       THIS CONDITIONS THE FIRST 5 FAST DATA REAL TAGS
00003 IMATH   V107 := V106 + 1
00004 IMATH   V108 := 1
00005 LABEL    LABEL.........: 1
00006 IF      V107 >= 3001
00007 IMATH   V107 := 1
00008 ELSE
00009 ENDIF
00010 SCALE    BINARY INPUT..: (V90000(V107))   SCALED RESULT.: V22600.(V108)
               LOW LIMIT.....: -0.1             HIGH LIMIT....: 0.1
               20% OFFSET....: NO               BIPOLAR.......: NO
00011 SCALE    BINARY INPUT..: (V93000(V107))   SCALED RESULT.: V28600.(V108)
               LOW LIMIT.....: -0.1             HIGH LIMIT....: 0.1
               20% OFFSET....: NO               BIPOLAR.......: NO
00012 SCALE    BINARY INPUT..: (V96000(V107))   SCALED RESULT.: V34600.(V108)
               LOW LIMIT.....: -0.1             HIGH LIMIT....: 0.1
               20% OFFSET....: NO               BIPOLAR.......: NO
00013 IMATH   V107 := V107 + 1
00014 IMATH   V108 := V108 + 2
00015 IF      V108 < 6001
00016 GOTO     LABEL.........: 1
00017 ELSE
00018 ENDIF
****  END ****
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Condition Next 1 Fast Data Real Tags
TITLE: SDATARL2                                             SF PROGRAM    6
                   CONTINUE ON ERROR (Y,N): YES
              ERROR STATUS ADDR (Y,C,WY,V):
                    PROGRAM TYPE (N,P,C,R): NORMAL
                          CYCLE TIME (SEC): 0.0
--------------------------------------------------------------------------------
00001 *       THIS CONDITIONS THE NEXT 1 FAST DATA REAL TAGS
00002 IMATH   V107 := V106 + 1
00003 IMATH   V108 := 1
00004 LABEL    LABEL.........: 1
00005 IF      V107 >= 3001
00006 IMATH   V107 := 0
00007 ELSE
00008 ENDIF
00009 SCALE    BINARY INPUT..: (V99000(V107))   SCALED RESULT.: V22600.(V108)
               LOW LIMIT.....: -0.1             HIGH LIMIT....: 0.1
               20% OFFSET....: NO               BIPOLAR.......: NO
00010 SCALE    BINARY INPUT..: (V102000(V107))  SCALED RESULT.: V28600.(V108)
               LOW LIMIT.....: -0.1             HIGH LIMIT....: 0.1
               20% OFFSET....: NO               BIPOLAR.......: NO
00011 SCALE    BINARY INPUT..: (V105000(V107))  SCALED RESULT.: V34600.(V108)
               LOW LIMIT.....: -0.1             HIGH LIMIT....: 0.1
               20% OFFSET....: NO               BIPOLAR.......: NO
00012 IMATH   V107 := V107 + 1
00013 IMATH   V108 := V108 + 2
00014 IF      V108 < 6001
00015 GOTO     LABEL.........: 1
00016 ELSE
00017 ENDIF
****  END ****
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Condition Next 2 Fast Data Real Tags
TITLE: SDATARL3                                             SF PROGRAM    7
                   CONTINUE ON ERROR (Y,N): YES
              ERROR STATUS ADDR (Y,C,WY,V):
                    PROGRAM TYPE (N,P,C,R): NORMAL
                          CYCLE TIME (SEC): 0.0
--------------------------------------------------------------------------------
00001 *       THIS CONDITIONS THE NEXT 2 FAST DATA REAL TAGS
00002 IMATH   V107 := V106 + 1
00003 IMATH   V108 := 1
00004 LABEL    LABEL.........: 2
00005 IF      V107 >= 3001
00006 IMATH   V107 := 0
00007 ELSE
00008 ENDIF
00009 SCALE    BINARY INPUT..: (V108000(V107))  SCALED RESULT.: V22600.(V108)
               LOW LIMIT.....: -10.0            HIGH LIMIT....: 10.0
               20% OFFSET....: NO               BIPOLAR.......: NO
00010 SCALE    BINARY INPUT..: (V111000(V107))  SCALED RESULT.: V28600.(V108)
               LOW LIMIT.....: -10.0            HIGH LIMIT....: 10.0
               20% OFFSET....: NO               BIPOLAR.......: NO
00011 SCALE    BINARY INPUT..: (V114000(V107))  SCALED RESULT.: V34600.(V108)
               LOW LIMIT.....: -0.2             HIGH LIMIT....: 0.2
               20% OFFSET....: NO               BIPOLAR.......: NO
00012 IMATH   V107 := V107 + 1
00013 IMATH   V108 := V108 + 2
00014 IF      V108 < 6001
00015 GOTO     LABEL.........: 2
00016 ELSE
00017 ENDIF
****  END ****



TISOFT                                                            Page 40
Rev Date: 09-01-99     DZERO Solenoid Control PLC                 555  D0SOL
H970603A

Condition Next 1 Fast Data Real Tags
TITLE: SDATARL4                                             SF PROGRAM    8
                   CONTINUE ON ERROR (Y,N): YES
              ERROR STATUS ADDR (Y,C,WY,V):
                    PROGRAM TYPE (N,P,C,R): NORMAL
                          CYCLE TIME (SEC): 0.0
--------------------------------------------------------------------------------
00001 *       THIS CONDITIONS THE NEXT 1 FAST DATA REAL TAGS
00002 IMATH   V107 := V106 + 1
00003 IMATH   V108 := 1
00004 LABEL    LABEL.........: 3
00005 IF      V107 >= 3001
00006 IMATH   V107 := 0
00007 ELSE
00008 ENDIF
00009 SCALE    BINARY INPUT..: (V117000(V107))  SCALED RESULT.: V22600.(V108)
               LOW LIMIT.....: -0.4             HIGH LIMIT....: 0.4
               20% OFFSET....: NO               BIPOLAR.......: NO
00010 SCALE    BINARY INPUT..: (V120000(V107))  SCALED RESULT.: V28600.(V108)
               LOW LIMIT.....: -5000.0          HIGH LIMIT....: 5000.0
               20% OFFSET....: NO               BIPOLAR.......: YES
00011 IMATH   V107 := V107 + 1
00012 IMATH   V108 := V108 + 2
00013 IF      V108 < 6001
00014 GOTO     LABEL.........: 3
00015 ELSE
00016 ENDIF
****  END ****
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Build Number for First Fault Decoding
TITLE: FFault                                               SF PROGRAM    9
                   CONTINUE ON ERROR (Y,N): YES
              ERROR STATUS ADDR (Y,C,WY,V):
                    PROGRAM TYPE (N,P,C,R): NORMAL
                          CYCLE TIME (SEC): 0.0
--------------------------------------------------------------------------------
00001 *          THIS SPECIAL FUNCTION BUILDS A NUMBER FOR DECODING THE
              FIRST FAULT DETECTION.
                THIS NUMBER IS THEN PULLED OUT BY THE DATA AQUISITION
              PROGRAM AND DECODED INTO TEXT AND STORED IN THE DATA FILE.
00002 IMATH   V110 := 0
00003 IF      X129 = 0
00004 IMATH   V110 := V110 + 4
00005 ENDIF
00006 IF      X130 = 0
00007 IMATH   V110 := V110 + 2
00008 ENDIF
00009 IF      X131 = 0
00010 IMATH   V110 := V110 + 1
00011 ENDIF
00012 IF      X132 = 1
00013 IMATH   V110 := V110 + 1000
00014 ENDIF
00015 IF      X133 = 1
00016 IMATH   V110 := V110 + 2000
00017 ENDIF
00018 IF      X134 = 1
00019 IMATH   V110 := V110 + 3000
00020 ENDIF
****  END ****
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Compute the Ideal Power Supply Voltage Limit for Max Charging
TITLE: IDEALV                                               SF PROGRAM   10
                   CONTINUE ON ERROR (Y,N): YES
              ERROR STATUS ADDR (Y,C,WY,V):
                    PROGRAM TYPE (N,P,C,R): CYCLIC
                          CYCLE TIME (SEC): 1.0
--------------------------------------------------------------------------------
00001 *       THIS SFPGM COMPUTES THE IDEAL POWER SUPPLY VOLTAGE FOR
              CHARGING AT MAXIMUM RATE AT ANY GIVEN TIME.  THE FORMULA
              WAS DERIVED FROM A GRAPH OF THE CHARGING CURVE Y=MX+B.
              Y=IDEAL VALUE FOR VLIMIT DAC, M=SLOPE OF LINE = 0.2,
              X=ABSOLUTE VALUE OF SOLENOID CURRENT FROM ADC READING,
              B=OFFSET WHICH IS THE BASIC 3.0 STARTING VOLTAGE IN DAC
              COUNTS.  THE RESULT IS STORED IN VARIABLE V6.
00002 IMATH   V7 := WX28
00003 IF      V7 > 32767
00004 IMATH   V6 := 3902
00005 ELSE
00006 IMATH   V6 := V7 / 5 + 3902
00007 ENDIF
00008 IMATH   V8 := V8 + 1
****  END ****
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PLC I/O Assignments
This section defined and documented by Rick Hance

Digital
   IO113        REM QT         DC_RO1
                Relay Out      Remote quench trigger relay contact
                               to end rack

   IO114        Intl RES       DC_RO2
                Relay Out      Interlock Reset relay contact
                               to end rack

   IO115        PS ON          DC_RO3
                Relay Out      PS ON relay contact
                               to end rack

   IO116        PS OFF         DC_RO4
                Relay Out      PS OFF relay contact
                               to end rack

   IO117        PS RES         DC_RO5
                Relay Out      PS Reset I/O relay contact
                               to end rack

   IO118        PS Ph Back     DC_RO6
                Relay Out      PS Phase back relay contact
                CL=Ph Back     to end rack

   IO119        Ctrl Pmt       DC_RO7
                Relay Out      Controls permit relay contact
                CL=Pmt         to end rack

   IO120        Dump 3         DC_RO8
                Relay Out      Controls dump switch relay contact
                               open to open dump switch

   IO121        RS Ctrl        DC_RO9
                Relay Out      Reversing switch control relay
                CL=Rev         0=Fwd 1=Rev

   IO122        DS Reset       DC_RO10
                Relay Out      Dump switch reset control relay
                               0=Normal 1=Res

   IO123        PS LCW Sol     DC_RO11
                Relay          PS & filter LCW solenoid control relay
                CL=On          1=energize relay

   IO124        Bus LCW Sol    DC_RO12
                Relay          Bus & diode LCW solenoid control relay
                CL=On          1=energize relay

   IO125        Flow Stat      DC_RO13
                Relay Out      Status relay to interlock module.
                CL=OK          1=LCW flow or cooling is OK

   IO126                       DC_RO14
                               Reserved relay output
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   IO127                       DC_RO15
                               Reserved relay output

   IO128                       DC_RO16
                               Reserved relay output

   IO129        FF D4          DC_DI1
                Input          First fault bit 4

   IO130        FF D2          DC_DI2
                Input          First fault bit 2

   IO131        FF D1          DC_DI3
                Input          First fault bit 1

   IO132        FF A           DC_DI4
                Flag           First fault module A flag
                Input

   IO133        FF B           DC_DI5
                Flag           First fault module B flag
                Input

   IO134        FF C           DC_DI6
                Flag           First fault module C flag
                Input

   IO135        Lead A         DC_DI7
                Intlk          Lead A quench interlock
                Input

   IO136        Lead B         DC_DI8
                Intlk          Lead B quench interlock
                Input

   IO137        Trans A        DC_DI9
                Intlk          Transition lead A quench interlock
                Input

   IO138        Trans B        DC_DI10
                Intlk          Transition lead B quench interlock
                Input

   IO139        Chimney A      DC_DI11
                Intlk          Chimney lead A quench interlock
                Input

   IO140        Chimney B      DC_DI12
                Intlk          Chimney lead B quench interlock
                Input

   IO141        CT Imbal       DC_DI13
                Intlk          Center tap imbalance quench interlock
                Input
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   IO142        QT Imbal       DC_DI14
                Intlk          Quarter tap imbalance quench interlock
                Input

   IO143        Controls       DC_DI15
                Intlk          Controls permit interlock
                Input

   IO144        Accelerator    DC_DI16
                Intlk          Accelerator permit interlock
                Input

   IO145        LCW            DC_DI17
                Intlk          LCW conductivity permit interlock
                Input

   IO146        Crash          DC_DI18
                Intlk          Crash button permit interlock
                Input

   IO147        Steel          DC_DI19
                Intlk          Main toroid steel position (closed)
                Input          permit interlock

   IO148        Flow           DC_DI20
                Intlk          LCW flow permit interlock
                Input

   IO149        Temperature    DC_DI21
                Intlk          Temperature string permit interlock
                Input

   IO150        Filter         DC_DI22
                Intlk          Filter permit interlock
                Input

   IO151        Dump Switch    DC_DI23
                Intlk          Dump switch permit interlock
                Input

   IO152        Gnd Flt        DC_DI24
                Intlk          Ground fault detector permit interlock
                Input

   IO153        Rev. Switch    DC_DI25
                Intlk          Reversing switch permit interlock
                Input

   IO154        Xducer         DC_DI26
                Val Intlk      PEI and holec transducers agree permit
                Input          interlock

   IO155        DC Ovr I       DC_DI27
                Intlk          DC overcurrent from PEI or holec interlock
                Input

   IO156        Spare 3        DC_DI28
                Intlk          Spare 3 interlock
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                Input

   IO157        Spare 2        DC_DI29
                Intlk          Spare 2 interlock
                Input

   IO158        Spare 1        DC_DI30
                Intlk          Spare 1 interlock
                Input

   IO159        PS LCW         DC_DI31
                Flow Sw        PS & filter LCW flow switch
                CL=Flow        Closed = LCW flowing in PS & filter

   IO160        RS Pmt2        DC_DI32
                Input          Reversing switch permit 0=cycling
                0=Cycling

   IO161        <25A-2         DC_DI33
                Input          Less than 25A signal from ABS module

   IO162        PS Loc/Rem     DC_DI34
                Input          PS status - local/remote
                1=rem          Closed = remote

   IO163        PS Int Intl    DC_DI35
                Input          PS status - internal interlocks complete
                CL=Intl OK.    Closed = Ok

   IO164        PS On/Off      DC_DI36
                Input          PS status - On/Off
                1=On           Closed = On

   IO165        PS Ex Intl     DC_DI37
                Input          PS status - external interlocks Closed
                CL= Intl OK    Closed = OK

   IO166        PS Reg Mode    DC_DI38
                Input          PS status - regulator mode
                1=Curr Mode    Closed = current regulated

   IO167        PS Int/Ext     DC_DI39
                Input          PS status - Internal/External
                1=Ext          Closed = external reference

   IO168        RS Stat        DC_DI40
                Input          Reversing switch status 0=Fwd
                0=Fwd

   IO169        Gndflt         DC_DI41
                < HiLim        Gnd fault is less than Hi limit

   IO170        Gndflt         DC_DI42
                > LoLim        Gnd fault is greater than Lo limit
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   IO171        GFD Enabled    DC_DI43
                Input          Ground fault enabled
                1=Enabled

   IO172        Holec Valid    DC_DI44
                Input          Holec transductor is valid
                1=Valid

   IO173        DS PWR         DC_DI45
                Input          Dump switch has AC power
                1=AC Ok

   IO174        DS Stat        DC_DI46
                Input          Dump switch status input. 1=closed=closed
                1=Closed

   IO175        DS Lock        DC_DI47
                Input          Dump switch lock status input. 1=closed=locked.
                1=Locked

   IO176        Bus LCW        DC_DI48
                Flow Sw        Bus & diode LCW flow switch.
                CL=Flow        closed=LCW flowing in bus & diode
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Analog
This section defined and documented by Rick Hance

   WIO1         Lead A         DC_AI1
                Volts          Lead A voltage
   WIO2         Lead A         DC_AI2
                Hi Trp         Lead A hi trip voltage
                Volts

   WIO3         Lead A         DC_AI3
                Lo Trp         Lead A lo trip voltage
                volts

   WIO4         Lead B         DC_AI4
                Volts          Lead B voltage

   WIO5         Lead B         DC_AI5
                Hi Trp         Lead B hi trip voltage
                Volts

   WIO6         Lead B         DC_AI6
                Lo Trp         Lead B lo trip voltage
                Volts

   WIO7         Trans A        DC_AI7
                Volts          Transition lead A voltage

   WIO8         Trans A        DC_AI8
                Hi Trp         Transition lead A hi trip voltage
                Volts

   WIO9         Trans A        DC_AI9
                Lo Trp         Transition lead A lo trip voltage
                Volts

   WIO10        Trans B        DC_AI10
                Volts          Transition lead B voltage

   WIO11        Trans B        DC_AI11
                Hi Trp         Transition lead B hi trip voltage
                Volts

   WIO12        Trans B        DC_AI12
                LO Trp         Transition lead B lo trip voltage
                Volts

   WIO13        Chimney A      DC_AI13
                Volts          Chimeny lead A voltage



TISOFT                                                            Page 49
Rev Date: 09-01-99     DZERO Solenoid Control PLC                 555  D0SOL
H970603A

   WIO14        Chimney A      DC_AI14
                Hi Trp         Chimney lead A hi trip voltage
                Volts

   WIO15        Chimney A      DC_AI15
                Lo Trp         Chimney lead A lo trip voltage
                Volts

   WIO16        Chimney B      DC_AI16
                Volts          Chimney lead B voltage

   WIO17        Chimney B      DC_AI17
                Hi Trp         Chimney lead B hi trip voltage
                Volts

   WIO18        Chimney B      DC_AI18
                Lo Trp         Chimney lead B lo trip voltage
                volts

   WIO19        Outer Coil     DC_AI19
                Volts          Outer coil voltage

   WIO20        Inner Coil     DC_AI20
                Volts          Inner coil voltage

   WIO21        Center Tap     DC_AI21
                Imbal Volts    Center tap imbalance voltage

   WIO22        Center tap     DC_AI22
                Hi Trp         Center tap imbalance hi trip voltage
                Volts

   WIO23        Center tap     DC_AI23
                Lo Trp         Center tap imbalance lo trip voltage
                Volts

   WIO24        Qtr Tap        DC_AI24
                Imbal Volts    Quarter tap imbalance voltage

   WIO25        Qtr Tap        DC_AI25
                Hi Trp         Quarter tap imbalance hi trip voltage
                Volts

   WIO26        Qtr Tap        DC_AI26
                Lo Trp         Quarter tap imbalance lo trip voltage
                Volts

   WIO27                       DC_AI27
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   WIO28        ABSI-2         DC_AI28
                Holec          ABSI-2 absolute holec current 0-10V = 0-5000A
                Current

   WIO29        PEI I          DC_AI28
                P.S            PEI current xducer 0-10V = 0-5000A
                Current

   WIO30        PEI V          DC_AI30
                P.S Voltage    PEI voltage 0-10V = 0-35V at PEI

   WIO31        Buf Gnd        DC_AI31
                Sense          GFD sense volts 2.5-5V = 0 to Inf Ohms

   WIO32        Gnd Sense      DC_AI32
                LoLim          GFD sense LoLim 3.33-5V 2.5k to Inf Ohms

   WIO33                       DC_AI33 - Reserved

   WIO34                       DC_AI34 - Reserved

   WIO35                       DC_AI35 - Reserved

   WIO36                       DC_AI36 - Reserved

   WIO37                       DC_AI37 - Reserved

   WIO38                       DC_AI38 - Reserved

   WIO39                       DC_AI39 - Reserved

   WIO40                       DC_AI40 - Reserved



TISOFT                                                            Page 51
Rev Date: 09-01-99     DZERO Solenoid Control PLC                 555  D0SOL
H970603A

   WIO41        MagCurr-2      DC_AI41
                Holec Out      MagCurr-2 from Holec transductor
                               -10V to +10V = -5000A to +5000A

   WIO42                       DC_AI42
                               Reserved -10V to +10V bipolar

   WIO43                       DC_AI43
                               Reserved -10V to +10V bipolar

   WIO44                       DC_AI44
                               Reserved -10V to +10V bipolar

   WIO45                       DC_AI45
                               Reserved -10V to +10V bipolar

   WIO46                       DC_AI46
                               Reserved -10V to +10V bipolar

   WIO47                       DC_AI47
                               Reserved -10V to +10V bipolar

   WIO48                       DC_AI48
                               Reserved -10V to +10V bipolar

   WIO49        PS             DC_RTD1
                Iphase         Temperature input from RTD mounted on PS
                Temp           Interphase transformer

   WIO50        PS             DC_RTD2
                Neg Bus        Temperature input from RTD mounted on PS
                Temp           Negative bus above power supply

   WIO51        Filter         DC_RTD3
                Neg Lead       Temperature input from RTD mounted on Filter
                Temp           choke negative lead

   WIO52        Filter         DC_RTD4
                Pos lead       Temperature input from RTD mounted on Filter
                Temp           choke positive lead

   WIO53        Filter         DC_RTD5
                Diode          Temperature input from RTD mounted on filter
                Temp           diode heat sink

   WIO54        Rev Sw         DC_RTD6
                Pos In         Temperature input from RTD mounted on reversing
                Temp           switch positive input
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   WIO55        Rev Sw         DC_RTD7
                Neg In         Temperature input from RTD mounted on reversing
                Temp           switch negative input

   WIO56        Dump Sw        DC_RTD8
                A In           Temperature input from RTD mounted on dump
                Temp           switch input A

   WIO57        Dump Sw        DC_RTD9
                B In           Temperature input from RTD mounted on dump
                Temp           switch input B

   WIO58        Dump Sw        DC_RTD10
                A Out          Temperature input from RTD mounted on dump
                Temp           switch output A

   WIO59        Dump Sw        DC_RTD11
                B Out          Temperature input from RTD mounted on dump
                Temp           switch output B

   WIO60        Dump Res       DC_RTD12
                Center         Temperature input from RTD mounted on dump
                Temp           resister center

   WIO61        Sol Bus        DC_RTD13
                Clamp A        Temperature input from RTD mounted on solenoid
                Temp           bus input clamp A

   WIO62        Sol Bus        DC_RTD14
                Clamp B        Temperature input from RTD mounted on solenoid
                Temp           bus input clamp B

   WIO63        Vapor C        DC_RTD15
                lead A         Temperature input from RTD mounted on solenoid
                Temp           vapor cooled lead A

   WIO64        Vapor C        DC_RTD16
                lead B         Temperature input from RTD mounted on solenoid
                Temp           vapor cooled lead B

   WIO65        PEI Ext Ref    DMACS DC_AO1
                Analog         Reference voltage to PEI power supply.
                Output         0-10V to P.S = 0 to 5000A from P.S

   WIO66        PEI Vlimit     DMACS DC_AO2
                Analog         Limit voltage to PEI power supply.
                Output         0-10V to P.S = 0 to 35V max from P.S

   WIO67                       DC_AO3
                               Reserved analog out

   WIO68                       DC_AO4
                               Reserved analog out

   WIO69                       DC_AO5
                               Reserved analog out



TISOFT                                                            Page 53
Rev Date: 09-01-99     DZERO Solenoid Control PLC                 555  D0SOL
H970603A

   WIO70                       DC_AO6
                               Reserved analog out

   WIO71                       DC_AO7
                               Reserved analog out

   WIO72                       DC_AO8
                               Reserved analog out
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PLC Coil Assignments
This section defined and documented by Rick Hance

   C1           Dummy

   C2           PS ON          DC_CR2
                DMACS Cmd      Coil "closed" by DMACS
                               trigger a "turn on power supply" cycle

   C3           PS Update      DC_CR3
                DMACS Cmd      Coil "closed" by DMACS to trigger power supply
                               V & I update. Reset by PLC when finished.

   C4           PS OFF         DC_CR4
                DMACS Cmd      Coil "closed" by DMACS to trigger a "turn off
                               power supply" cycle. Reset by PLC when finished.

   C5           Comment        Dummy coil used to trick TISOFT into allowing
                Dummy 1        a comment at this point.

   C6           PS RES         DC_CR6
                DMACS Cmd      Coil "closed" by DMACS to trigger a power supply
                               reset cycle. Reset by PLC when finished.

   C7           RS Pol         DC_CR7
                DMACS Cmd      Coil accessed by DMACS to manipulate the
                CL=Rev         "reversing switch control" I/O relay.

   C8           Intl RES       DC_CR8
                DMACS Cmd      Coil "closed" by DMACS to trigger a "reset
                               interlock" cycle. Reset by PLC when done.

   C10          Ctrl Pmt       DC_CR10
                DMACS Cmd      Coil accessed by DMACS to manipulate "controls
                               permit" I/O relay.

   C11          PS Ph Back     DC_CR11
                DMACS Cmd      Coil accessed by DMACS to manipulate
                               the "power supply phase back" I/O relay.

   C12          Rem QT         DC_CR12
                DMACS Cmd      Coil accessed by DMACS to trigger remote quench
                               input to the quench det. Reset by PLC when done.

   C14          Dump 3         DC_CR14
                DMACS Cmd      Coil accessed by DMACS to control Dump Switch.
                               close to dump. Inverted by PLC ie. opens switch.

   C15          DS RES         DC_CR15
                DMACS Cmd      Coil accessed by DMACS to RESET Dump Switch.
                               Close to RESET. Auto cleared by PLC.
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   C16          VL Fail        DC_CR16 Coil set by PLC when vapor cooled lead
                Flag           voltages differ by too much. Indicates failure
                               of one of VCL taps in control dewar.

   C17          TL Fail        DC_CR17 Coil set by PLC when transition lead
                Flag           voltages differ by too much. Indicates failure
                               of one of TL taps in control dewar.

   C18          CL Fail        DC_CR18 Coil set by PLC when coil leads which
                Flag           include chimneys, differ too much. Indicates
                               failure of one of CL taps in chimney.

   C19          PS Sol         This coil turns "ON" 5 seconds after the
                5 Sec          PS LCW solenoid is turned on. It provides
                Delay          intlk delay for LCW flow switch to activate.

   C20          Bus Sol        This coil turns "ON" 5 seconds after the
                5 Sec          bus LCW solenoid is turned on. It provides
                Delay          intlk delay for LCW flow switch to activate.

   C21          Dummy          This is a dummy coil to allow a comment
                               to be added to the element where Vlimit
                               is set to 7.5V when PS is in internal ref

   C22          Auto/Man       This coil is set by DMACS to allow the
                VLIMIT         PLC to calculate and set the ideal PS
                on=auto        voltage for charging the solenoid

   C23          Purge          DMACS Command - opens the solenoids to the
                PS/Bus         PS and Bus LCW for 1 minute in order to
                LCW            purge stagnant LCW from these systems.

Coils > 23 Defined and documented by Dan Markley

   C96          FDATA FAIL
                ALARM

   C97          FDATA RESET

   C98          FDATA
                TRIGGER

   C99          FDATA
                RECORD OR
                DUMP STAT

   C100         FDATA
                AQUIRE
                FINISHED

   C106         SDATA
                TRIGGER

   C107         SDATA
                RESET
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   C108         SDATA FAIL
                ALARM

   C109         SDATA
                AQUIRE
                FINISHED

   C110         SDATA
                RECORD OR
                DUMP STAT

   C111         LADDER
                SCAN /4
                COUNTER

   C115         FDATA
                SFPGM #1
                FINISHED

   C116         FDATA
                SFPGM #2
                TRIGGER

   C117         FDATA
                SFPGM #2
                FINISHED

   C118         FDATA
                SFPGM #3
                TRIGGER

   C119         FDATA
                SFPGM #3
                FINISHED

   C120         FDATA
                SFPGM #4
                TRIGGER

   C121         SDATA
                SFPGM #5
                FINISHED

   C122         SDATA
                SFPGM #6
                TRIGGER

   C123         SDATA
                SFPMG #6
                FINISHED

   C124         SDATA
                SFPGM #7
                TRIGGER
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   C125         SDATA
                SFPGM #7
                FINISHED

   C126         SDATA
                SFPGM #8
                TRIGGER

   C127         SDATA
                SFPGM #8
                FINISHED
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PLC Integers
V1- V8  defined and documented by Rick Hance
             Target I        DC_TARGET
                             0-5000A target current from DMACS
 V1       INTEGER  00000

             Manual          DC_VLIMIT
             VLimit          0-35V charging voltage limit from DMACS
 V2       INTEGER  00000

             VL A-B          DC_VLDIFF
             Value           Absolute diff between vapor leads A & B
 V3       INTEGER  00062

             TL A-B          DC_TLDIFF
             Value           Absolute diff between trans leads A & B
 V4       INTEGER  00040

             OC-IC           DC_CLDIFF
             Value           Absolute diff between inner & outer coil leads
                             which include chimney leads.
 V5       INTEGER  00014

             Auto            Ideal PS voltage for charging based on
             VLimit          V= ABSI/5 + 3902 which is derived from the
                             binary values of the charging schedule
 V6       INTEGER  00000

             Internal        Internal storage for absolute value of solenoid
             ABSI-2          current for use in computing Auto VLimit
             Sol Current     in SFPGM10
 V7       INTEGER  00000

             Temp            Counter to keep track of whether or not SFPGM10
             Counter         is running.

 V8       INTEGER  00000

V100-V1000 defined and documented by Dan Markley

             FDATA
             LADDER
             INDEXER
 V100     INTEGER  03529

 V101     INTEGER  01867

 V102     INTEGER  07201

 V103     INTEGER  00000

 V104     INTEGER  00000
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             SDATA
             LADDER SCAN
             COUNTER
 V105     INTEGER  00003

             SDATA
             INDEXER
 V106     INTEGER  01997

 V107     INTEGER  00339

 V108     INTEGER  06001

 V109     INTEGER  00000

             First Fault
             Decode# for
             Data Aq
 V110     INTEGER  03000

 V111     INTEGER  00000

 V112     INTEGER  00000
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PLC Constants
K1-K13 Defined and documented by Rick Hance

             A/D             Unipolar A/D input word representing 50 Amps
             Constant
             50Amps
 K1       INTEGER  00320

             A/D             Unipolar A/D input word representing 100 Amps
             Constant
             100Amps
 K2       INTEGER  00640

             RTD             RTD input word representing 40 degrees C
             Constant        (Degrees C X 10)
             45DegC
 K3       INTEGER  00450

             VL Test         Threshold value for vapor lead (A-B) test.
             Limit           (20mV*50*32000)/10
             20mV
 K4       INTEGER  03200

             TL Test         Threshold value for transition lead (A-B)
             Limit           test.
             20mV            (20mV*50*32000)/10
 K5       INTEGER  03200

             OC-IC Test      Threshold value for (inner coil - outer coil)
             Limit           test which includes chimney leads.
             40mV            (40mV/100)*50*32000)/10
 K6       INTEGER  00064

             QD Lead         Switch to enable PLC testing of VCL, TL, and
             Chk Enbl        Coil/chimney leads by PLC.  > 0 = ON.
             1 = On
 K7       INTEGER  00001

                             Constant of "0" for use by relational operators
             Zero
 K8       INTEGER  00000

                             Constant of "0" for use in setting power
                             initial value
             Zero
 K9       INTEGER  00000

             RTD             RTD constant representing 40 Deg C
             Constant        (Degrees C X 10)
             40 Deg C
 K10      INTEGER  00400
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             A/D             A/D constant representing 25 amps to be used
             Constant        to compare the current in the power supply
             25 Amps         and solenoid for LCW control.
 K11      INTEGER  00160

             D/A             D/A constant representing 7.5 Volts to be used
             Constant        to set PS voltage limit when PS is in external
             7.5 Volts       mode. (7.5/2.5)*32000/10

 K12      INTEGER  09600

             RTD             RTD constant representing 35 Deg C
             Constant        (Degrees C X 10)
             35 Deg C
 K13      INTEGER  00350

 K14      INTEGER  00000

 K15      INTEGER  00000

 K16      INTEGER  00000

 K17      INTEGER  00000

 K18      INTEGER  00000

 K19      INTEGER  00000

 K20      INTEGER  00000


